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Preface

INTRODUCTION

The field of optics impacts an ever-expanding range of applications in
physics, engineering, and technology. The parallel emergence of lasers, fiber
optics, nonlinear devices, and a variety of semiconductor sources and detectors
in the 1960s initiated a continuing period of rapid development in applied and
theoretical optics. The need for a variety of updated optics texts with differ-
ent approaches and emphases is apparent, both for students of optics and for
practitioners who need an occasional review of the basics.

With Introduction to Optics we propose to teach introductory modern
optics at an intermediate level. In order to use this text, students should have
a preparatory background that includes a calculus-based introductory
physics sequence and at least two semesters of calculus. The material in this
text encompasses the traditional areas of classical optics and many topics in
modern optics. The organization of the material in this text is intended to fa-
cilitate its use in a variety of one-semester courses, with different emphases.
In addition, the text includes more than enough material to be used in a full-
year optics course for physics or engineering students at the sophomore, ju-
nior, or senior undergraduate level.

Specific features of the text, in terms of coverage beyond traditional
areas, include extensive use of 2 X 2 matrices in dealing with ray tracing, po-
larization, and multiple thin-film interference; three chapters devoted to
lasers; a separate chapter on the optics of the eye; and individual chapters on
holography, coherence, fiber optics, interferometry, Fourier optics, nonlinear
optics, and Fresnel equations. We have organized the text into two parts. Part
Iincludes chapters that form the basis of a typical one-semester optics course
designed for sophomore or junior physics majors. Chapters in Part I are de-
signed to be covered in sequence, although subsets of these chapters can be
omitted to suit specific curricular needs. Part II contains chapters that are

Xiv
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largely self-contained and, upon completion of a subset of chapters in Part I,
can be covered in a variety of sequences. We hope that this organization will
allow teachers to select specialized content to suit individual curricular needs.
Possible orderings of chapter coverage appropriate for several possible optics
courses with different emphases are provided later in this Preface.

IMPROVEMENTS IN THE THIRD EDITION

The Third Edition of this text differs from the Second Edition in that several
topics have been added or expanded and the order of presentation of the ma-
terial has been changed to provide teachers with greater freedom to tailor the
text to meet specific curricular requirements. New features of the Third Edition
include the following:

e The treatment of wave equations (Chapter 4) has been expanded with
the addition of qualitative descriptions of cylindrical and Gaussian
beams and a brief introduction to light polarization.

e The coverage of optical interferometry (Chapter 8) has been expanded
by providing a more detailed description of the operation and applica-
tions of the Fabry-Perot interferometer and by adding a description of
gravitational wave detectors.

e New descriptions of other modern optics applications appear through-
out the text. For example, we have added a section on wavelength-divi-
sion-multiplexing in fiber communication systems in Chapter 10 and we
have added sections on liquid-crystal displays and plasma displays in
Chapter 17.

e A new chapter (Chapter 26, “Laser Operation”) provides both a
quantitative, rate-equation treatment of laser operation and a qualitative
introduction to the semiconductor laser. The four chapters—Chapter 6,
“Properties of Lasers,” Chapter 26, “Laser Operation,” Chapter 27, “Char-
acteristics of Laser Beams,” and Chapter 28, “Selected Modern Applica-
tions,”—taken together constitute a rather comprehensive introduction
to laser optics for undergraduates.

e Based on extensive reviewer feedback we have carefully revised each
chapter, sharpening and clarifying discussions and mathematical devel-
opments throughout.

e Chapter 28, an expansion and revision of the Second Edition chapter
“Laser Applications,” includes new sections describing ultrashort pulse
production, laser cooling and trapping, optical parametric oscillators,
and near-field microscopy.

e More than 100 problems have been added.

e For Instructors, we once again offer an Instructor’s Solutions Manual
(0-13-173918-2) containing fully worked-out solutions to all end-of-
chapter problems. Instructors can also visit the Introduction to Optics,
3rd Edition information page on Prentice Hall’s online catalog
(www.prenhall.com <www.prenhall.com>) to download additional in-
structor resources, including electronic versions of the figures from
Introduction to Optics, 3rd Edition.

Nearly all of the material from the Second Edition remains in the Third Edi-
tion. We have sharpened and clarified discussions and mathematical discus-
sions throughout.
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XVi Preface

TEXT ORGANIZATION

The text is divided into two parts. The individual chapters in Part II primarily
rely only on material covered in Part I and so can be covered in a variety of
different sequences. As an indication of the flexibility of the text, we offer
four possible one-semester course organizations.

Traditional “Balanced”
Optics Course

Prerequisites: Two or three semesters
of introductory physics and two
semesters of calculus

Chapter 1 Nature of Light
Chapter 2 Geometrical Optics
Chapter 3 Optical Instrumentation
Chapter 4 Wave Equations
Chapter 5 Superposition of Waves
Chapter 6 Properties of Lasers
Chapter 7 Interference of Light
Chapter 8 Optical Interferometry
Chapter 9 Coherence
Chapter 10 Fiber Optics
Chapter 11 Fraunhofer Diffraction
Chapter 13 Fresnel Diffraction
Chapter 15 Production of Polarized
Light

Physical Optics

Prerequisites: Two or three semesters
of introductory physics, two semesters
of calculus, and one semester of
intermediate electromagnetics

Chapter 1 Nature of Light

Chapter 4 Wave Equations

Chapter 5 Superposition of Waves

Chapter 6 Properties of Lasers

Chapter 7 Interference of Light

Chapter 8 Optical Interferometry

Chapter 9 Coherence

Chapter 11 Fraunhofer Diffraction

Chapter 12 The Diffraction Grating

Chapter 13 Fresnel Diffraction

Chapter 14 Matrix Treatment of
Polarization

Chapter 15 Production of Polarized
Light

Chapter 16 Holography

Chapter 21 Fourier Optics

Traditional Course: Geometrical
Optics Emphasis

Prerequisites: Two or three
semesters of introductory physics
and two semesters of calculus

Chapter 1 Nature of Light
Chapter 2 Geometrical Optics
Chapter 3  Optical Instrumentation
Chapter 18 Matrix Methods in
Paraxial Optics
Chapter 19 Optics of the Eye
Chapter 20 Aberration Theory
Chapter 4 Wave Equations
Chapter 5 Superposition of Waves
Chapter 6 Properties of Lasers
Chapter 7 Interference of Light
Chapter 8 Optical Interferometry
Chapter 10 Fiber Optics
Laser Optics

Prerequisites: Two or three
semesters of introductory physics,
two semesters of calculus, and
one semester of intermediate
electromagnetics

Chapter 4
Chapter 5
Chapter 6
Chapter 26
Chapter 7
Chapter 8
Chapter 9
Chapter 10
Chapter 11
Chapter 14

Chapter 15
Chapter 18
Chapter 27

Chapter 28

Wave Equations
Superposition of Waves
Properties of Lasers
Laser Operation
Interference of Light
Optical Interferometry
Coherence

Fiber Optics

Fraunhofer Diffraction
Matrix Treatment of
Polarization

Production of Polarized
Light

Matrix Methods in
Paraxial Optics
Characteristics of Laser
Beams

Selected Modern
Applications
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Other chapter sequences are, of course, possible. For example, for ad-
vanced undergraduates with two semesters of electromagnetic theory, the
Laser Optics course could be altered by replacing Chapters 4, 5, and 7 with
Chapters 16 (“Holography”), 22 (“Theory of Multilayer Films”), and 24
(“Nonlinear Optics and the Modulation of Light”). A variety of two-semes-
ter, two-quarter, or three-quarter sequences are also possible.
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